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ABSTRACT : J™*™*^^ 

wh.ch exh.brts h.gh crystall.nrty and high surface flatness at low manufacturing cost. 

nrnL U h T !° ^ * a compound semiconductor film uses a hetero 

growth techrnque for form.ng a buffer layer on a Si substrate and growing a compound 
sem IC onductor. A buffer feyer such as r -AI 2 0 3 is formed on a Si substrate 1 . A TtaNs 
prehm.nanly grown on the buffer layer 2 to form a preliminarily-grown layer 3. A desired 
compound sem,conductor film 4 is formed on the preliminarily-grown layer 3 of the metal. 
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(54) [Title of the Invention] METHOD FOR MANUFACTURE OF COMPOUND 
SEMICONDUCTOR FILM 

(57) [Abstract] 

[Object] An object of the present invention is to provide a method for the manufacture of 
a compound semiconductor film, which makes it possible to produce a compound 
semiconductor film with high degree of crystallinity and good surface flatness at a low 
cost. 

[Means To Resolve the Problems] A manufacturing method using heterogrowth 
technique in which a buffer layer is formed on a Si substrate and a compound 
semiconductor is grown, this method comprising forming a buffer layer 2 of y-AhOj or 
the like on a Si substrate 1, forming a preliminary grown layer 3 by preliminary growing 
a metal on the buffer layer 2, and forming the desired compound semiconductor film 4 on 
the preliminary grown layer 3 consisting of a metal. 



[Patent Claims] 



[Claim 1] A method for the manufacture of a compound semiconductor film on a Si 

substrate comprising: 

a process of forming a buffer layer consisting of an oxide on said Si substrate, 
a process of forming a preliminary grown layer consisting of a metal on said 

buffer layer, as a process of preliminary growing said compound semiconductor film, and 
a process of forming the desired compound semiconductor film on said 

preliminary grown layer consisting of a metal. 

[Claim 2] The method for the manufacture of a compound semiconductor film as 
described in Claim 1, wherein Y-AI2O3 is formed as said buffer layer, 
and preliminary growing is conducted by using at least one of Al, Ge, In, and metal 
elements constituting the compound semiconductor to be grown, as the preliminary 
grown layer consisting of a metal. 

[Claim 3] The method for the manufacture of a compound semiconductor film as 
described in Claim 1 or Claim 2, wherein A1N, GaN, InN, and mixed crystal compounds 
thereof are grown as said compound semiconductor film. 

[Claim 4] The method for the manufacture of a compound semiconductor film as 
described in any claim from Claims 1 to 3, wherein Al is used as the metal of said 
preliminary grown layer. 

[Claim 5] The method for the manufacture of a compound semiconductor film as 
described in any claim from Claims 1 to 4, wherein the thickness of said preliminary 
grown layer is substantially less than 30 A. 

[Detailed Description of the Invention] 

[0001] 

[Field of technology] The present invention relates to a method for the manufacture of a 
compound semiconductor film which produces a film with good crystallinity and surface 
flatness within a framework of technology for forming compound semiconductor films 
on Si substrates. 

[0002] 

[Prior Art Technology] Sapphire is currently a substrate of choice for nitride 
semiconductors, such as GaN, that have been used as materials for blue LED (Jpn. J. 
Appl. Phys. 30 (1991) L1998 and the like). The usage of Si, SiC, MgO, GaAs, MgAl 2 0 4 , 
ZnO and the like as substrates other than sapphire has also been reported. However since 
all these substrates have a large lattice mismatch with GaN, a good GaN film comparable 
with that grown on sapphire cannot be produced. 



[0003] On the other hand, a method of growing Y-AI2O3 on a Si single crystal substrate 
and then growing Si has been reported as a method for epitaxial growth of a SOI structure 
comprising growing Si on an insulating substrate material (Appl. Phys. Lett. 67 (1995) 
2200). 

[0004] 

[Problems Addressed by the Invention] A method of growing Y-AI2O3 on a Si single 
crystal substrate and then growing a GaN film as a compound semiconductor film has 
recently been reported (Appl. Phys. Lett. 72 ( 1 998) 1 09). 

[0005] However, when a GaN film, which is a compound semiconductor film, is formed 
on y-Al 2 0 3 on a Si single crystal substrate, it is necessary to form a GaN film as a low- 
temperature buffer layer for preliminary growth prior to the formation of the GaN film. 
The problem associated with this operation is that it complicates the manufacturing 
process and increases the production cost. 

[0006] Furthermore, the GaN film finally formed after a GaN layer has been formed in 
advance as a low-temperature buffer layer on such y-Al 2 0 3 could not be obtained with 
quality sufficient for practical applications. For example, if an X ray rocking curve is 
measured at a film thickness of 1.3 urn, the FWHM (Full Width of Half Maximum) has a 
poor value of 3240 (arcsec). Moreover, PL (Photo Luminescence) measurements 
demonstrate intensive light illumination from deep levels close to 550 (nm). 

[0007] Accordingly, it is an object of the present invention to provide a method for the 
manufacture of a compound semiconductor film, which makes it possible to produce a 
compound semiconductor film with high degree of crystallinity and good surface flatness 
at a low cost. 

[0008] 

[Means to Resolve the Problems] The present, invention provides a method for the 
manufacture of a compound semiconductor film on a Si substrate comprising a process of 
forming a buffer layer consisting of an oxide on the Si substrate, a process of forming a 
preliminary grown layer consisting of a metal on the buffer layer, as a process of 
preliminary growing the compound semiconductor film, and a process of forming the 
desired compound semiconductor film on the preliminary grown layer consisting of a 
metal. 

[0009] In this method, y-Al 2 0 3 can be formed as the buffer layer, ,and preliminary 
growing is conducted by using at least one of Al, Ge, In, and metal elements constituting 
the compound semiconductor to be grown, as the preliminary grown layer consisting of a 
metal. 



[0010] A1N, GaN, InN, and mixed ciystal compounds thereof can be grown as the 
compound semiconductor film. 

[001 1] Al can be used as the metal of the preliminary grown layer. 

[0012] The thickness of the preliminary grown layer is substantially less than 30 A. 



[0013] 



[Preferred Embodiment of the Invention] The preferred embodiment of the present 
invention will be described below with reference to the drawings attached. 

[0014] First, the scheme of the method for the manufacture of a compound 

"^x™f„T 8 r *° presen ' be ™™ 

[0016] In a process show in Fig 1(b), T -A1 3 0, is formed as a buffer layer 2 on a Si 
substrate . No specific limitation is placed on the method for growing v-Al 2 0 3 on the Si 

' More °7. J^W. is no. the only material suitable for fte buffed lay« 2 
Other oxides may also be used. y 

^ 1 J?J X r nP ' eS ,°f SUitabk 8r0Wth methods include ordinar y me ^ such as low- 

^S^S^T rf d (LPCVD) - ultrahigh — chemicai de ^- 

STm (UHV : C y D) ' molec "lar beam ep.taxy (MBE), sputtering, laser MBE and the 
xLnleT';? ^T*°?j ^ ° n ** Mckness 0{ y- Al >°> * this process. For 
aXat!fs SS n 3 fr ° m 0 003 t0 1 ^ m is Suitab,e for P ractic ^l 

S^fontf TT^T in Fig 1(cX 3 preIiminary grown layer 3 consistin g of 

cZTlZ u f bUffCr l3yer 2 COnsistin g of Y-AI2O3. The preliminary growing is 

Znn H y USin8 f l£aSt ° nC ° f AI ' Ge ' In ' Md metaI el ^nts constitute Ae 
compound semiconductor to be grown as the metal of the preliminary grown layer 3. 

(MBE) ^"onbet C rtm f ' 'T^™ method (M0CVD) ' molecular beam e P^y 

hP nti , ( } de P° slt,on ' sputtering and the like can be used for forming 

Ac preliminary grown layer 3. Furthermore, the thickness of the metal film n 
prdirmnary growing is preferably no more than 1 00 A, even more preferabl" no more 

[0020] By conducting the preliminary growth of such preliminary grown layer 3 it is 
possible to stabilize and homogenize the surface of y-Al 2 0 3 thaTwi iTguTJ on atomic 
level m the prior art methods with the metal elemeni for prelimina^ gS 



[0021] Then, m the process shown in Fig 1(d), the Si substrate 1 containing the 
preliminary grown layer 3 is heated to a growth temperature of the desired compound 
semiconductor, the compound semiconductor is deposited to a desired thickness and a 
compound semiconductor film 4 is formed. 

[0022] [ For example, A1N, GaN, InN, mixed crystal compounds thereof, and the like can 
be used as the compound semiconductor. 

[0023] The substrate surface prior to the above-described formation of the compound 
semiconductor film 4 is in a state in which it is uniformly covered with the metal of the 
preliminary grown layer 3. Therefore, at the initial stage of growth, the compound 
semiconductor easily grows in a two-dimensional nucleus growth mode. For this reason 
the crystallinity and flatness of the grown compound semiconductor are greatly improved 
by comparison with those obtained by the conventional methods using no preliminary 
growth of a metal. y 

[0024] No specific limitation is placed on the method for forming the compound 
semiconductor film 4. Thus the ordinarily used methods such as metalloorganic chemical 
deposition method (MOCVD), molecular beam epitaxy (MBE), metalloorganic molecular 
beam epitaxy (MOMBE), sputtering, laser MBE and the like can be employed The 
above-described processes make it possible to obtain the compound semiconductor film. 

[0025] The reason why the formation of the preliminary grown metal layer 3 greatly 
improves crystallinity and flatness will be described below. 

[0026] Usually, when y-Al 2 0 3 or sapphire are used as a substrate, it is not clear whether 

tlu !T «T } ° r ( ° Xygen) at0ms ^ in out «most surface layer of the untreated 
substrate. When a compound semiconductor is grown on a substrate in such surface state 
the difference between atoms present in the outermost surface layer will lead to different 

>avef X ° f *? ^ ^ if ° Xygen 3t0mS «W« ^ outmost surface 

layer, a three-dimensional island-like growth proceeds, and if Al atoms are present, the 
above-described two-dimensional nucleus growth occurs. 

[0027] Three-dimensional growth occurring in a crystal growth process causes 
degradation of surface crystallinity and flatness. For example, boundaries become defects 
when the crystal nuclei aggregates are formed. 

[0028] Accordingly, conducting preliminary growth by using a metal, as it is done in 
accordance with the present invention, makes it possible to unify the atoms of the 

T y f ' by Ae metal at0ms ' ***** enhancin g two-dimensional 
growth. Thus, the preliminary growth of a metal makes it possible to vary the 

configuration of atoms in the outermost surface layer of the buffer layer 2, thereby 
allowing the surface crystallinity and flatness to be improved. 

[0029] Specific examples of the present invention will be described below. 



[0030] (Embodiment 1) Embodiment 1 of the present invention will be described below. 



[003 1] First, y-Al 2 0 3 was grown as the buffer layer 2 on a Si substrate. A Si ( 1 1 1 ) 
substrate was used as the substrate and the single-crystal y-Al 2 0 3 was grown in an MBE 
apparatus using metallic Al and N 2 0 as the starting material at a substrate temperature of 
820°C, a Knudsen cell temperature (K-cell temperature) of 1 100°C, and an N 2 0 pressure 
of 3 x 10" 2 Pa. The single-crystal y-Al 2 0 3 film with a thickness of about 5 um and (1 1 1) 
orientation was grown within 60 min. 

[0032] Then, the temperature of the Si substrate 1 on which the y-Al 2 0 3 has been grown 
was decreased to room temperature and an Al thin film having a thickness of 20 A was 
grown at a rate of 1 A/s as the preliminary grown layer at an Al Knudsen cell temperature 
ofl050°C. 



[0033] The substrate temperature was then raised to 800°C and a GaN film having a 
thickness of about 1000 A was grown as the compound semiconductor film 4 in a gas- 
source MBE apparatus using metallic Ga and N 2 gas excited by ECR plasma as starting 
materials. 



[0034] Once the growth has been completed, a reflected high-energy electron diffraction 
(RHEED) pattern on the GaN film surface was studied. A clear streak-like GaN pattern 
was observed. It showed that the crystallinity and surface flatness of GaN were very 
good. 

[0035] The surface of the produced GaN film was studied with AFM (Atomic Force 
Microscope). The root mean square value of roughness (Rrms) was 35 A. 

[0036] Furthermore, the X ray rocking curve of the produced GaN film measured at a 
(0002) plane had a value of 1240 arcsec. 

[0037] Fig 2 shows the results obtained in studying the PL spectrum of the grown GaN 
film under He-Cd laser excitation at room temperature. Only photoluminescence caused 
by mterband transition with a peak at 364.4 nm was observed, which confirmed that the 
GaN film had good crystallinity. 

[0038] (Comparative Example) A comparative example relating to Embodiment 1 will be 
described below. 



[0039] A single-crystal y-Al 2 0 3 film with a thickness of about 50 A and (1 1 1) orientation 
was grown as the buffer layer 2 on the Si (1 1 1 ) substrate 1 . 

[0040] Then, a GaN film having a thickness of 1 00 A was grown at a substrate 
la^rT^ ^ Wi± ° Ut ^ P reliminar y growth of Al as the preliminary grown 



£ oiLSf 6 gIOWth h3S been com P leted > a reflected high-energy electron diffraction 
(RHEED) pattern on the GaN film surface was studied. A spot- and ring-like GaN pattern 
was observed. It showed that the crystallinity and surface flatness of GaN degraded by 
comparison with those obtained in Embodiment 1 . 

[0042] The surface of the produced GaN film was studied with AFM (Atomic Force 
Microscope). The root mean square value of roughness (Rrms) was 90 A. 

[0043] Furthermore, the X ray rocking curve of the produced GaN film measured at a 
(0002) plane had a value of 2010 arcsec. 

[0044] Fig 3 shows the results obtained in studying the PL spectrum of the grown GaN 
tilm under He-Cd laser excitation at room temperature. In addition to photoluminescence 
caused by interband transition that was observed in Embodiment 1, a photoluminescence 
with a wide wavelength band was observed in the vicinity of 470 nm This result 
indicates that the defect levels appearing due to nitrogen loss are widely spread in a deep 
region of GaN energy levels. ^uccp 

[0045] Data presented in Fig 2 and Fig 3 confirmed that the crystallinity and surface 
flatness of the compound semiconductor film formed in Embodiment 1 are markedly 
better than those obtained in the comparative example. 

[0046] (Embodiment 2) Embodiment 2 of the present invention will be described below. 

[0047] In this embodiment, a thin Ga film having a thickness of 20 A was grown at a Ga 
Knudsen cell temperature of 850°C instead of the Al thin film as the preliminary grown 

[0048] A GaN film was grown as the compound semiconductor film 4, in the same 
manner as m Embodiment 1, on the Si substrate 1 on which the Ga thin film has been 

rRHFFn? Ce ^ e gWV t com P le *d, a reflected high-energy electron diffraction 

(RHEED) pattern on the GaN film surface was studied. A clear streak-like GaN pattern 
was observed. v 

[0050] The surface of the produced GaN film was studied with AFM (Atomic Force 
Microscope). The root mean square value of roughness (Rrms) was 40 A. 

K ^tT 16 ' ^ X ray r0Cking CUrve of ^ P roduced GaN fil ™ measured at a 
(0002) plane had a value of 1 300 arcsec. 

[0052] (Embodiment 3) Embodiment 3 of the present invention will be described below. 

^^^Tf^ 3 Sin f ! e " CryStaI Y_Al2 ° 3 filra havin S ^thickness of 50 A was 
grown as the buffer layer 2 on a Si (1 1 1 ) substrate in the same manner as in Embodiment 



1 . Then, an Al thin film having a thickness of 20 A was grown as the preliminary grown 
layer 3. 

[0054] Then, a GaAs film having a thickness of 1000 A was grown as the compound 
semiconductor film 4 at a substrate temperature of 630°C in an MBE apparatus using 
metallic Ga and solid As as starting materials. 

[0055] Once the growth has been completed, a reflected high-energy electron diffraction 
(RHEED) pattern on the GaAs film surface was studied. A clear streak-like GaAs pattern 
was observed. It showed that the crystallinity and surface flatness of GaAs were very 
good. 

[0056] The surface of the produced GaAs film was studied with AFM (Atomic Force 
Microscope). The root mean square value of roughness (Rrms) was 18 A. 

[0057] Furthermore, the X ray rocking curve of the produced GaAs film measured at a 
(111) plane had a value of 820 arcsec. 

[0058] (Embodiment 4) Embodiment 4 of the present invention will be described below. 

[0059] In this embodiment, a single-crystal y-Al 2 0 3 film having a thickness of 50 A and 
(1 1 1) orientation was grown as the buffer layer 2 on a Si (1 1 1) substrate in the same 
manner as in Embodiment 1 . 

[0060] Then, two substrates were prepared in the following manner: the substrate 
temperature was decreased to room temperature and an Al thin film having a thickness of 
30 A (substrate A) and an Al thin film having a thickness of 40 A (substrate B) were 
grown as the preliminary grown layers 3 at an Al Knudsen cell temperature of 1050°C. 

[0061] Then, a GaN film having a thickness of about 1000 A was grown on respective 
substrates at a substrate temperature of 800°C as the compound semiconductor film 4 in a 
gas-source MBE apparatus using metallic Ga and N 2 gas excited by ECR plasma as 
starting materials. 

[0062] Once the growth has been completed, the surface of the produced GaN films was 
studied with AFM (Atomic Force Microscope). The root mean square value of roughness 
(Rrms) was 38 A in substrate A and 95 A in substrate B. 

[0063] Furthermore, the X ray rocking curve of the produced GaN films measured at a 
(0002) plane was 1200 arcsec in substrate A and 2100 arcsec in substrate B. 

[0064] The above results showed that a good GaN film was obtained on substrate A, but 
no crystallinity improvement effect was confirmed for substrate B. 

[0065] Therefore, it is clear that the preferred thickness of the metal film obtained by 
preliminary growth is not more than 30 A. 



[0066] [Utilization Example] The utilization example will be described below. 

I^SS^-^T*^^ COmpOUnd «*«*»« f'ta in -cotdance 

wiui me present invention is also suitable for erowino a th\n\r K\m ^ „ • i 

[0069] 

can be increased. ' 8 of mte 8 ratlon "d speed of the entire circuit 

[Brief Description of the Drawings] 



[Legends] 





Fig 1 




Fig 2 

1 - PL intensity (arb. units); 2 - wavelength (nm) 
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Fig 3 

1 - PL intensity (arb. units); 2 - wavelength (nm) 
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[00203 zntottmmw^tiitfL&z'iio 

tzr- Al 2 0 3 ^fiffiJ^fflc^gTcSSKJ: 
[002i]&£. 01 (d) coi§{cfcux. *<VT 

mzxttmt. zii£iwGmm#m4*m.-t 

[00 2 2] ZZVmitGWmitkLTit* Mz. 
If. A1N. GaN, I nN. S^Wi. ^tl^^igf B 

[0023] ;^«t itzLx<t4mmim4 mm- 

Z . -T-d^l 3 <0&g T— «<;:£ fcft 

^T2<toc8U£5£jg,rL'5 ,- f^. Z<7)tz#>. ifSLfc 

[0024] <te%^ttK40»jfcfrftfc LTtt. tt 

(MOCVDft) . 4m8xe**v-i£ (MBE 
ft) . Wtl&litt^ltr^x-ft (MOMBE 
ft) . ^<7?U^. U— fMBEftSOjMJ&O* 



[ 0 0 2 5 ] z x\ ±^rmm 3 mm-h z 

[0026] r-Al; 0 3 Wr-fr^M 
t LTIBir^H*. f *>*S*>ttJB"C(i. ftSBCA 1 

izmx^ii$>£i.z{±3dstm.<r>&.mmz'). ai 
tfmzz. 

[0027] ttAft*a&£&tvt . 3JWc«*WBC 

[0 0 28] *ZX\ ****>J:3fc:, ^Srffl^T^f 
tt-^"*^ . CilCJ: 0 2&7a££A*enhance 

^^7r^2Ofi^ffioH : F-<0Ey!l^©S-^|, 

[0029] j^c. zmzmtwrcm+i. 
[oo3o] (mm i) mi ffo&mz-o^xvmt 
4. 

T<or-Ai 2 o 3 mzz-th. mttxit. si 

(111) SffiLZimi. ^gA I tN, O^lK^tL 

TJHn*MBEisairtica»rve. ^iag8 2o-c. ± 
%a \<r>??.~ tv-t^iag=i 1 oor ( k — t/i/jg 

j£:Knudsen cell temperatur 
e).N, 00£EA»3xio->Pa-C. JMSAr-A 
1 2 0 3 ^OfiLfc. 6 04KOtt*tJ:0. K«*5*«j5 
Ojj-y^hD-AiO (111) EWLfc*teftr-A 

it o 3 mmm&ixh. 

[0032] ifct. r — A 1 j O3 iffi&mztvfcs 
i«Klt»IC*TTH'. Al t>-fe;UiaK= 
1 0 50X;(ci3OT, ^HIlSfiJI3kLTAl||il*i 

^■y^X h D-A/^^3UgT'2 0^>^x hn- 

[0033] JXC. S«SS^8 0 0-C4 & 
*Ga*J:^ECRr9X-7t:J:-,TI»BLfcN, ^ 
£-Kf}t LTffluS^v-^MBEJIffifitiJOT. 
<fc^14mi«:«i4 1 iXfil 0 0 03j-y^X ho — Mxo 

[0034] -f-LT. *<r)$MAk. GaNK^BCfc 
<tSR5tSaiE^|8|5iJft (RHEED) /<^-v5-RJK 
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Uct Zb. *mtcX V 'J-:?#<OG a N<0/^-^' 

aWMKCfttFC* * Z t LT . 
[0035} «3?L*:GaN&OSffi£AFM 
(Atonic Force Microscope ) TWZltzt Z*>* fiS 

«¥%f (Rrms)li, 3 5jf>^hD-^T 

[0036] SAC «!LfcGaN|!«)XtD7*^ 
(00 02) EfctJUTajgLfcfcw*. 1 
240arcsecT'fco*;. 

[0037] H2(i. **Ea«GaNROPL^^h 
A*«a?H e - C d U— f WHilBC i oTR^fclSJIl 
T'&S. 364. 4nmS-e-^t-fiA>i<(SH^{C 
J S«*tflt*^B«tW!lSftTfi 9 , COG a NRtfi 

[0038] (itttn) cc-c. mastffia&tiffli 

[00 3 9]»l«)»W!i:H«t, s i (1 l l )g 
*l±fc. A 7 7r*2kLT (111) E|6|Lfc#fe 
Ar-Al, 0 3 K«*5 0*y^*hn-Ajfc*3tf 

[0040] TUft JW 3 1 LTOA 1 

£H*LC S«iaeS:8 0 0'C(CTGaNK5:*l7l 0 
0 0 * V o-Ajfcf|S ■£* . 

[0 04 H *LT. GaNROSBHcfc 
•t^KSfaatg^tSajf (RHEED) A?->-£g£ 

£*fLTv>&. 

[004 2] Sfc. fWtfcGaNRWJSiftAFMT 
WKLfcfci*. ffl^OZ«Tft)<i(Rrms)(i9 0 

[004 3] SAC. «*LfcGaN«|S>Xttn.,*> 
^-7?: (0002) fflC*JHTjl3tLfeki6. 2 
OlOarcse cX'h->tz, 

[0044] 0312. J&g&tfOGaNJKOPL;*'*.? h 
Satfc^THe-CdU-ifBiBCJiOW^: 

ISH»Ci *»fc«»tT*< , 470n mj£JBCtt*fl| 
[0 04 5] i*i6H2*iJ:tfH30IS*&»^. gio 

znx&mtit«xfumzto±Lx»&zk 
[0046] (m*a2)duz. mommtz^z 

[0047] *«T1i. ^<!Sj££* 3 i LT . JuTlSA 1 



SffiOffcbOC Ga?7— ty-b;UiSJ!g8 5 0 , CCt> 
Vvf, Gaflltfr2 0*:'? p ;thD--Aft£3-&&. 
[0048] *OGaJt»W|«3*ifcSi»KiJt 

^[0 04 9] GaNjROSnc&(t6Klt 

iSnfflS^Elifr (RHEED) '*?->'£ffl&ltztZ 

[00 50] tfz. fWU^GaNRoSSB^APMT 
HSELfcfc;*,. «3S>ZJR¥i&tt<Rrins)Ji4 0 

[0051] SAC fHKLfcGaNllOXIIn-y*:/ 

(0002) mizx^xmfeitiLzb. 1 

300arc secTJnt. 

[0052] <Wlffl3)fcfc. «3<«WWlCOVvc 

[0053] *WT1i, 4-f . HI 1 OUttPJt H«fc:L 
T, Si (l i DglSLhtc, A,7rl2tLT. 5 
O^y^ho-A^JMSftr-Ai, 0 3 JR*g£f- 
6. «wc. ^Hi«*13fcLT. 20*y^ho- 

[0054] fc^*5ttJK4 t LT, &JRG 

a*J*tfH*As£WBfcLTJflv\ MBEKKMcg 

^T. SSfflS6 30T:{CT10 003!-y^Sn-A 
WGaAsRfciiaS-fr-4. 

[0055] G a A s R*HSBifc*»tt4R 

BtEJMRHREIiJr (RHEED) A^-i'fcgJgL&fc 
-6, HJJK&^MJ-^tfOGaAsc^^-io&HSiSl 
SftJt. CKOIfctt. GaAsiOe B B BttfcJ:V«BgW 
tt*9MfCft»T* * C k fc* L T ^4 . 

[0056] £KU:GaAsRaSS£AFM 
TIWELJtti*. «3*>ZJIWW<Rrms)ttl 
8^-V^ hn- AX'fo-yfz. 

[00 57] SAC ft*LfcGaAsR*>X«n.y* 
(111) ffiC=&Vvc»eU:J:£%. 8 
2 0 a r c s e cX'fo~>tz. 

[0058] ($mM4)mz. mAommar>wx 

[0059] *(HTii. 4-f . ft 1 (osom^nttct 
T. Si (111)I«0:(:. A' V 7rJl2fcLT. 

(Ill) UfaL£5 O^-^X hQ-AO^gfar- 

a i 2 o 3 nfr«a-r&. 

[0060] «ht. SS^SiSitTIf . Alfjt- 

(SKA) fc. 4 0^-V^Xho-AOAlSKS-^ 
S-frJttO (S1RB) fc^2o^)SSS-f^RL^. 

[0061] *ti?ti<7>mizmixl k& 

W&&fa&4 t LT. ^Ga^i^ECRr^Xvtc 
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MBEISBrttetj^-c. S«i&K8 0 0X:tCT. ttl 0 
0 0 * y?X Y n-i(7)G a NK£j&£ . 
[0 0 6 2] fWLfcGaNRtfMSBtA 
FMTWKUriC*, aSOZJRWfKRrms) 

[00633 *Jt. f^UcGaNK^X«D.y^^^ 
(00 0 2)BWC4snra»tLfefc;*, ££ 
ACfiOTttl 2 00arcseeT*D. ffiKBCg 
l«TH2100arciecTft-ot. 

[0064] £Lk*W**fc . WKACanTttJMF* 
G a N TO# fcftfcaf , m B {=iJ v , T (4|glfttta#0 

10065] C/iCfcO. ?*«ft**H*«ffK<0lt 
[0066] (lGffl0|) ac. fD^tc-puT^t 

[0067] wmwtiMwimnm&teim^ 

[00 68] -f-LT. C^J^CLTJWOfc^Jwi* 

mmm&z *i* s i sg* floats- 

*lTlr»fcG a N^rfOg^^b^mi^J^fBS 



[0069] 

[JEWMMU J2LhS>J:3fc:. *#JJfcjt*itf. S IX 

±Cr-A.l, 0 3 fO/<»7T«)BKU ;<0A'. y 
7 r*±C***>?flMyWfc LT. A 1 , G a In 

JMLLKHfa t ?6ft£flttHffttR£JI!U»- 6 «fc ? L 
H&tftirzG a Nfr &0fl&1fe¥«**¥fittJi< £ 

1 0 0 7 0 ] i fc. *3MBt:J:iitf. <tefe¥*ftfc s 

xnmx-hi. 

[02] *WBtJ:->T»*S*ifcGaNWit < oaa-c 
[03 ] A 1 WI«^frJ^j^fcl*£tf5GaN» 

1 Si£C 

2 a'-/7tJB 

3 ^flSftilJl 

4 ft£fcjiN*ttg| 
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[03] 




